Early detection of hearing loss by Schade, Götz
Early detection of hearing loss
Abstract
Theuniversalnewbornhearingscreening(UNHS)iscurrentlyspreading
in Germany, as well, even though there can be no talk of a comprehen-
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sive establishment. The introduction of UNHS in several federal states
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such as Hamburg, Hessen, and Schleswig-Holstein can be ascribed to
the personal commitment of individual pediatric audiologists. Apart
from the procurement of the screening equipment and the training of
thestaffresponsiblefortheexaminationofthenewborns,thetracking,
i.e. the follow-up on children with conspicuous test results, is of utmost
importance.Thisinvolvessignificantadministrationeffortandworkand
is subject to data protection laws that can differ substantially between
the various federal states. Among audiologists, there is consensus that
within the first three months of a child’s life, a hearing loss must be
diagnosed and that between the age of 3 and 6 months, the supply of
a hearing aid must have been initiated. For this purpose, screening
steps 1 (usually a TEOAE measurement) and 2 (AABR testing) need to
be conducted in the maternity hospital. The follow-up of step 1 then
comprises the repetition of the TEOAE- and AABR measurement for
conspicuous children by a specialized physician. The follow-up of step
2 comprises the confirmatory diagnostics in a pediatric audiological
center.ThisalwaysimpliesBERAdiagnosticsduringspontaneoussleep
or under sedation.The subsequent early supply of a hearing aid should
generally be conducted by a (pediatric) acoustician specialized on chil-
dren.
Keywords: Universal Neonatal Screening Program (UNHS), deafness,
hearing disorders, tracking, screening, follow-up
1 Introduction
Congenitaldisordersrepresentthemostfrequentsensory
malformation. Approximately one to two out of 1,000
healthy born babies (“well-babies”) will usually be af-
fected; in case of children at risk (e.g. familial hardness
of hearing, pre-, peri- or postpartal infections, premature
birth with the baby weighing less than 1,500 g, transfu-
sion-obliging hyperbilirubinamy, craniofacial dysmorphy
etc.), a rate of one affected child per 50 newborns is to
be expected [1], [2]. While the maturation of the visual
pathway is completed during a child’s infancy at the age
of approximately six months [3], the parallel process of
the auditory pathway, similarly established at birth, ex-
tends over a period of four years. Since a constant ad-
equate acoustical input is needed for the successful
neuronal cross-linking that takes place in the course of
the auditory pathway’s maturation, a well-functioning
tympanum and inner ear are of utmost importance. In
case of hardness of hearing, however, this crucial matur-
ation of the auditory pathway cannot – or only insuffi-
ciently–proceedproperlysothatthedevelopmentofthe
child’shearingabilitywillbedamagedirreparably.Without
the ability to hear, a normal linguistic, intellectual and,
consequently,socialdevelopmentisnotpossible[4],[5],
[6], [7], [8]. Therefore, the late diagnosis of a hearing
disorderstandsintheway ofachild’snormalintellectual
and thus academic development in a way that from the
age of four, even when supported optimally, the child will
not be able to unfold its theoretical intellectual potential
[8],[9].Thatiswhyhealthprofessionalsaroundtheworld
try to examine the hearing ability of children only a few
days after their birth so that, in case a child has been
diagnosedwithahearingdisorder,theyareabletosupply
thehearingaidneededwithinthefirstthreetosixmonths
of that child’s life [10], [11]. However, not every author
finds support for the positive relationship between the
early detection of an inner ear hearing disorder together
with the resulting prescription of a hearing aid and the
consequentpositiveimpactonthelinguisticdevelopment
[12].TheIQWIG(“InstitutefürQualitätundWirtschaftlich-
keit im Gesundheitswesen” – Institute for Quality and
Efficiency in the Health Care System) also proclaims that
there is ”indication but not proof that in a universal new-
born hearing screening, identified children with hearing
disorders have advantages in regard to their linguistic
development” ([13], translated by the author). Neverthe-
less, a causal relationship is so evident for numerous
experts worldwide that UNHS has already been estab-
lished in many countries on several continents in a uni-
versal manner. In spite of a number of initiatives sup-
porting a standardized screening [14], [15], [16], [17],
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[18], [19], [20], [21], [22], area-wide UNHS is currently
only offered in individual regions and federal states (see
Figure 1) [23], [24], [25], [26], [27].
Manyothercountries–someoftheminAfrica[28],[29],
the Middle East [30], [31] and the Far East [32], [33],
[34], [35] – are momentarily trying to implement such a
comprehensive universal newborn hearing screening
(UNHS).Amongthem,therearedevelopingandemerging
nations [32], [35], [36] such as Malaysia [35], Thailand
[32], Mexico [37] and India [38]. In Europe, various en-
deavors are being undertaken to introduce universal
newbornhearingscreening.Publicationsdealingwiththe
subject not only originate in northern [39], middle [40],
[41] and southern [2], [42], [43], [44] Europe, but also
in,e.g.,Serbia[45],Croatia[46],Albania[47]andGeorgia
[48].AcomprehensiveUNHScan,amongothers,already
befoundinthefollowingcountriesandcontinents:Europe
(inBelgium,theNetherlands,Portugal,Austria[49],[50],
Great Britain and Poland); in Australia, North America
(USA [51], [52] and Canada), in Central America (Cuba)
andinAsia(forexampleinMalaysia[35]).Somecountries
– for instance the People’s Republic of China – are cur-
rentlypreparingtheimplementationofsuchanation-wide
screening program. China works on a program that aims
at combining visual and auditory tests [53] (see Figure
1). Austria performs screening of only one ear due to fin-
ancialreasons(timesavingduringmeasurement).Studies
proving that a one-sided hearing loss that has not been
detectedand,thus,notbeentreatedcanaffectthesocial
and cognitive development of children contradict this
practice. Children suffering from undiagnosed one-sided
hearing disorders run a significantly higher risk of school
problemsthanchildrenwithnormalhearingabilities[54],
[55].
Programs for the establishment of UNHS have been on
the rise for some years [32], [56], [57], [58], [59], [60].
An article published in the New England Journal of Medi-
cine in 2006 already called it “a silent revolution”
(“Newborn hearing screening – a silent revolution”) [61].
More than 20 years ago, Matschke and Plath, both from
Germany, made suggestions for a serial examination re-
gardingthehearingtestswithchildren[62].Inmorethan
50% of all cases, the cause of congenital hearing loss
are genetic disorders that, in turn, are mostly linked to
GJB2 or GJB6 mutations [51], [63], [64], [65], [66], [67],
[68].Adistinctioncanbemadebetweensyndrome-based
and non syndrome-based hearing disorders [69].
2 Evidence of children's hearing
loss
The reason that a lot of effort is going into establishing
UNHSisthefrequencyofoccurrenceofcongenitalhearing
disorders. As described above, they are considered to be
the most frequent congenital sensory disorder and more
common than all other disorders for which screening
blood tests are already being performed in newborns
takentogether.Oneoutof500to1,000newbornchildren
suffers from a congenital sensorineural hearing loss of
at least moderate severity [4], [70], [71]. The number of
firstdiagnosisofinnerearhearingdisorders in Germany,
acountrywithoutnation-wideUNHS(butvariousinitiatives
targetedatindividualfederalstates[23],[24],[25],[26],
[27], [72], [73] emphasizes how late a hearing loss is
normally diagnosed when no comprehensive hearing
screeningisinplace[74]. Thisisalsotrueforourcountry
wherethedensityofphysiciansrankshighinaworldwide
comparison and even though in Germany, children are
looked at by a doctor in the course of the U exams as a
matter of routine. Data from a study conducted by Finck-
Krämer et al. (1998) reveal that the average age of chil-
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of diagnosis is 19 months, that children with severe
hearing loss are app. two years old, that children with
moderatehearinglossarefouryearsoldandthatchildren
with mild hearing loss are on average six years old at the
moment of their first diagnosis [74]. The first suspicion
of a disorder may have been aroused some months
earlier – however, the first supply with a hearing aid took
place even later [10], [74]. Yet, there is prove that the
momentoffirstdiagnosiscanbeacceleratedsignificantly
bymeansofUNHS[54],[75].Forinstance,intheHessian
model in 2006, children at the moment of their first
hearing disability diagnosis were, on average, only 3.1
months old [54].
3 Technical options for diagnostics
For years now, there have been a number of diagnostic
methods for aural examinations even for newborns [76],
[77],[78].Theyallowforhearingabilitytestingofsleeping
(orcalm)childrenwithobjectivemeasuresinjustseconds
or minutes by staff that can be adequately trained in just
a coupleof hours and need not have any additionalskills
or may even be lowly qualified (and accordingly receive
low wages). TEOAE- and AABR-examinations are used for
this purpose for UNHS. DPOAE testing is not recom-
mended in this context since the identified hearing
threshold of this method is 40–45 dB, which may result
inmildandmoderatehearinglossremainingundetected
[79]. (A description of the technical details of these
methods will be omitted here. Corresponding literature
can be found in the references.) A successful TEOAE test
confirms a hearing ability which encompasses 30 dB, a
successfulAABR measurementcertifies ability above 35
dB [77], [79].
Auditory neuropathies can only be accounted for by an
AABR screening [80], [81]. With a percentage of 8.44%,
thatisinchildrenwithprofoundhearingloss,thisdisorder
is much more frequent than previously assumed, as a
study by Foerst et al. demonstrates [80].
Hence, for the afore mentioned reasons, mild inner ear
hearinglosscannotberuledoutevenwhenthescreening
produces only inconspicuous results. That is why mild
inner ear hearing loss is typically diagnosed later than
moreseverelevels.Thus,theaverageageatthemoment
ofthefirstdiagnosiscontinuestobesixyearsinGermany
[74].
In their work published in NEJM, Paradise et al. came to
the conclusion that untreated mucotympanons, another
possible cause for mild hearing loss, do not harm the
linguistic development substantially [82], [83]. This can
alsoaccountforthelatediagnosisofameremildhearing
loss. Still, it must be pointed out that a reduction of the
hearingabilityby30dBissimilartousingnoise-suppress-
ing ear plugs. A hearing threshold of 30 dB is equivalent
to an increase in distance between somebody talking at
normal volume and the target person by 30 meters [84]!
4 Follow-up costs of children's
hearing loss
A consensus paper of the DGPP approved at the organ-
ization’s yearly conference in 2007 states that even a
moderatethresholdof20–25dBcanindicatetheneces-
sity to try to adjust the hearing aid [85]. Children with
moderateorhigherdegreehearingloss,however,willnot
develop normally in regard to their linguistic and intellec-
tual abilities [86]. Consequently, during the first years of
its life already, the time of the detection and treatment
of a hearing loss determines the potential path a child
withahearinglossofhigherdegreemaytakeinasociety
due to its educational background and professional
qualification! This means that the early diagnosis of a
hearing loss also has an impact on the economy as a
whole:Ontheonehandduetotheenhancedopportunity
of development per se – on the other hand due to the
costs that accumulate for medical treatment and differ-
entiated types of school (regular or special school) [54],
[87], [88]. The costs for a child with severe hearing loss
accumulate to € 13,438, in case of risk screening only
to € 8,241 and without systematic screening to € 4,760
[54]. So, at first glance, early detection is merely expen-
sive. Andin casea law was passedorderingthe introduc-
tion of a nation-wide hearing screening, it is the health
insurancesthatwouldhavetoraisethenecessaryfunds.
Yet,consideringthemacroeconomiccostsforthewelfare
state by taking into account the educational costs for
childreninregularschoolsandforthoseinspecialschools
dedicated to the therapy of speech and language diffi-
culties, the contrary picture emerges. The education of
a child with a hearing disorder during its first 16 years of
life amounts to costs of € 125,778 in a UNHS program,
€ 140,605 for risk screening and € 155,944 without
systematic screening. Accordingly, UNHS offers a saving
potential of six to 15% concerning the education costs
for children with hearing losses [54]. Even though in the
short term, there will be an increase in costs, in the long
run,savingscanbeexpected[60],[87],[88].InGermany,
the short term increase in costs, however, would go to
the detriment of the health insurance companies, as ex-
plainedabove.Itisobviousthatthesecompanieswillnot
benefit directly from the savings in the educational sys-
tem. This is certainly one of the main reasons why in
Germany, a nation-wide hearing screening for newborns
has not been implemented, yet. Potential sources for the
funding of such a program have not been identified [1],
[89]. While there had been a hearing screening model
project in the German federal state of Lower Saxony that
had received its financing partly by health insurance
provider AOK, this project does currently not receive any
funding by public health care providers any more [90].
Thisisthecaseeventhoughvariousexpertcommissions
have been working on the launch of such a project for
years and even though there is consensus about the
usefulnessandthenecessityofsuchaprogram[4],[70],
[71].
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audiologists
It is thanks to the personal commitment of a number of
physiciansthatinsomefederalstates,aUNHSofassured
quality could be implemented. As representatives for the
many professionals who have rendered outstanding ser-
vices to this matter, Markus Hess and Thomas Wiesner
from Hamburg shall be mentioned here. In 2003, they
were awarded the renowned “Hufelandpreis” for the first
establishment of UNHS in a federal state, the city state
of Hamburg. For the organization of a comprehensive
quality-assuredUNHSinGermany’snorthernmostfederal
state Schleswig-Holstein [91], [92], Rainer Schönweiler
from Lübeck even received two awards: the “Annelie-
Frohn-Preis” of the German Association for Phoniatrics
and Pediatric Audilology (“Deutsche Gesellschaft für
Phoniatrie und Pädaudiologie” DGPP) in 2006 and the
Federal Cross of Merit in 2007. Part of the reason why
these awards were granted is that these pediatric audi-
ologists, by means of immense personal commitment,
succeeded in building the screening programs without
being supported financially by health care providers. The
financing for the technical equipment as well as for the
personnel was raised mostly at trusts and private funds.
The same is true for the efforts taken to establish a
screeningprograminNorthRhine-Westphalia,Germany’s
most populous federal state; here, the pediatric audiolo-
gist clinics and departments of the University Hospitals
ofAachen,Bonn,CologneandDüsseldorf(ABCD-initiative)
in the region North Rhine and the University Hospital of
Munster as leader for the region Westphalia-Lippe are
workingintensivelytoimplementacomprehensiveUNHS.
Alsoasrepresentativesformanyotherswhohaveproven
outstanding dedication to the idea in the various federal
states,NawkainMecklenburg-WesternPomerania,Gross
in Berlin [70], [71], Strutz in Upper Palatinate [41],
Neumann and Böttcher in Hesse [54] as well as Delb in
Saarland [24], [73], [93], [94] should be mentioned. On
anationallevel,AgnesHildmann[71]iscertainlythemost
influential advocate.
What is distinctive about a comprehensive hearing
screening, is not only that all maternity hospitals must
be furnished with adequate screening equipment and
that the staff who is in charge must be trained, but also
that tracking – i.e. the follow-up on children with symp-
toms discovered during screening – must be ensured
and that it can be guaranteed that these children will be
examined more closely in specialized institutions in a
timely manner in order to supply them with their first
hearing aid until they are six months old [40], [70], [71].
For legal reasons, the parents’ consent is mandatory. In
Hesse, in 0.6% of all cases, screeners were denied the
permission of the parents – usually because the parents
were subjectively sure that their children’s hearing was
normal [54]. It is also important to confer with the data
protection officials of the respective federal state. This
is of particular importance with regards to the passing
on of data to other federal states in the context of trans-
regionalscreeningprograms(e.g.NorthRhine-Westphalia
and Hesse) [55].
6Procedurefortheimplementation
of a UNHS
When we are talking about the introduction of a compre-
hensive, quality-assured, universal newborn hearing
screening today, we mean the following:
A minimum of 95% of all newborns must undergo a
hearingtest;nomorethan4%ofallchildrentestedought
to be conspicuous; it is necessary to register all children
with moderate and severe hearing loss of this collective;
the tracking of patients must be ensured, the prompt
follow-upinspecializedpediatricaudiologistcentersmust
be possible and an external quality control must be car-
ried out [4], [70], [71], [95].
According to Schönweiler [92], the following steps are
currently necessary when implementing a UNHS:
• In the respective federal state, a survey needs to be
conductedtoassesswhichclinicsalreadyofferhearing
tests for newborns and which do not. It has to be as-
serted whether a sponsoring already exists.
• A political mandate needs to be developed while the
further planning of the UNHS is initiated.
• A multidisciplinary consensus needs to be reached.
This means that all groups of different professions in-
volved (e.g. obstetricians, pediatrics, otorhinolaryn-
gologists,pediatricaudiologists,representativesofthe
nursingstaff, commercialadministrationetc.)needto
be brought together from the outset onwards.
• The process of the UNHS needs to be drafted. This
process must include the registration with IT and data
protection. Additionally, a research project together
with an ethics proposal needs to be devised and it
must be ensured that the screening devices as well
as the education and training of the screeners result
in an error-free feedback of the outcomes to the
screeninghub.Itisalsonecessarythatpotentialerrors
of the screeners themselves can be retraced at all
times.
The phase of the actual execution of the UNHS necessi-
tates the following activities:
• Information events and trainings for all actively in-
volved screeners,
• Formation of a nonprofit sponsoring society for the
purpose of raising funds; search for sponsors,
• Initiating public relations (WWW, press, radio, TV),
• Procurement of screening equipment for all maternity
and pediatric clinics,
• Ensuring of a comprehensive post-screening and
follow-upbytrainingandcertificationofselectedinsti-
tutions (practices, clinics),
• Alignment of the registration and data protection with
the specifications of the federal authority for data
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protection, creation of a screening hub. It is only now
that the registering can begin.
• Organization of recurrent trainings of all people in-
volved, centrally as well as on site.
As a final requirement, the scientific analysis of results,
publicationsamongexpertsandtheon-goingoptimization
of the process are necessary [92].
The people responsible for the establishment of a UNHS
need to decide whether they want to conduct a one- or
two-stepscreening.Amereriskscreeningofchildrenwith
the above mentioned risk factors, however, can result in
42% of children with profound hearing loss not being
detected and is therefore considered not to be sufficient
[96]. The two-step screening in Germany (e.g., the ABCD-
initiative in the North Rhine region) for non-risk children
(“well-babies”) includes TEOAE measuring first. Children
with conspicuous results (pass criterion) need not be
examined further while conspicuous children (refer cri-
terion)undergoanAABRmeasuring[53],[54],[97],[98],
[99]. Risk children, however, are directly tested using
AABR and are also examined further using this method
if the measure in the first trial resulted in “refer” (see
Figure 2).
7Riskfactorsforhearingdisorders
in children
The following characteristics are considered to be risk
factors: familial hearing disorders, intratauterine infec-
tions caused by viruses during the first five months of
pregnancy (for instance rubella, mumps or cytomegaly)
and the treatment with ototoxic or teratogenic drugs.
Similarly,oxygendeficitsduringbirth,abirthweightbelow
1,500 g, an APGAR score below 4, a transfusion-obliging
hyperbilirubinamy, a deformity of the head, craniofacial
dysmorphies, syndromes/chromosomal aberrations,
prematurebirth(<32
ndweekofpregnancy),intratauterine
growth retardation, consanguinity of the parents, abuse
by the mother, perinatal asphyxia, artificial respiration
>10 days, severe respiratory adjustment disorder, intra-
cranial injury or a postpartal meningitis [99], [100].
8 The “Hessian model”
The Hessian model, developed and established under
the auspices of Katrin Neumann and Peter Böttcher,
achievedaprovenenhancedspecificityfrom95%to97%
by using the combined approach (two-step model) [54],
[55]. The combination of both procedures also has add-
itional advantages: The benefit of the TEOAE method is
the shorter measuring period compared to the AABR
method. Moreover, the detection threshold is 30 dB and
thereby better than that of the AABR method by 5 dB.
The costs for the consumable supplies are also lower
[101], [102]. The AABR method, however offers better
specificityandsensitivity[76],[103].Thetwo-stepmodels
are considered to be the most cost efficient [54], [104].
Vis-à-vis pure AABR-screenings, however, they have the
disadvantage that auditory neuropathies may remain
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Rhine Westphalia, the region Westphalia-Lippe has de-
cided to employ a pure AABR-screening. As for risk chil-
dren, the likelihood of functional disorders above the
outer hair cells – i.e. in the area of the acoustic nerve or
the brain stem – is increased, their hearing ability is
examined by using the AABR exclusively, also in the con-
text of two-step screenings [54]. In rare cases, however,
“well-babies” can theoretically, in spite of inconspicuous
TEOAE-testing results, suffer from higher degree sen-
sorineuralhearinglosscausedbyanauditoryneuropathy.
Therateofauditoryneuropathiesinseverehearinglosses
is said to be higher even than 10% [80].
If the second step of a hearing screening examination,
usually conducted by the maternity hospital, is conspicu-
ous again, a further examination in a specialized institu-
tion should be facilitated within two weeks [4]. In the
course of the follow-up steps 1 and 2 (see below), apart
from binocularmicroscopic examinations, subjective
testingbasedon freefieldaudiometries,multifrequency
tympanometricexaminations,diagnosticOAEtestingand
BERA methods under sedation are applied [77]. Apart
from Click-BERA-applications measuring the frequency
range between 1,500 and 4,000 Hz, low chirp-BERAs
(250–850 Hz) or notched noise-BERAs that are able to
selectivelyinvestigatethefrequencyrangeof500,1,000,
2,000and4,000Hzcanbeconducted.Infantsthathave
been diagnosed with an inner ear hearing loss should
receive a hearing aid between the age of three to six
monthsprescribedbyaspecializedpediatricacoustician.
The process of adaptation is dynamic. The pediatric
acousticianand the pediatric audiologistaccompany the
affected children for years [11]. Half a year after the first
hearing aid adaptation – i.e. ideally at the age of nine
months–aBERAexaminationshouldbeconductedsince
therearecasesinwhichthehearingthresholdapparently
improves due to further ripening of the auditory pathway
[105]. Thus, at the age of nine months, the BERA for
control purposes serves as a means to virtually provide
security for the diagnosis whereas the first BERA at the
ageof3monthsratherfunctionsasa“workinghypothes-
is”. If the hearing loss of the children is too significant to
be sufficiently treated with a high performance hearing
aid, a cochlea implantation (CI) even before their first
birthdayisindicated[106].Therearevariousspecialized
departments, mostly in university hospitals, for the sub-
sequent rehabilitation. Hessian studies have shown that
56% of the children that had become deaf prelingually
and had received a CI only after their third birthday could
not attend a regular educational institution (regular
kindergarten, regular school) whereas the percentage of
children who had received the implant previous to their
third birthday was only 24% [54].
InastudyconductedinFrance,Koloskietal.investigated
thepointintimeatwhichmorechildrencouldbereached
for a hearing screening: directly after birth at a hospital
or two months later in the course of the U examination
at the pediatrician. It appeared that 95.72% of the chil-
dren in the maternity hospital, but only 64.18% of the
children at the examination at the age of 2 months were
tested [107].
Yet, further studies were also able to prove that hearing
screening programs without quality-assured follow-up
result in more than 50% of the children not going to
continuing diagnostics, even when conspicuous in the
first hearing screening test [108]. This is called the lost-
to-follow-up-rate [54], [108]. It can be reduced to 7.8%
(Hessianmodel)by meansofa centralregistrationofthe
children and guidance of the parents to adequate follow-
up examination centers [54]. To achieve such low rates
requiresintensiveactivitiesinthescreeninghubs.Accord-
ingly, Böttcher reports that in Hessia in 2006, 34,133
childrenwereregisteredattheUNHS.Outofthese,2,220
needed to be tracked. For this purpose, the screening
hub conducted 4,340 phone calls (out of which 956
concerned research at the maternity hospitals) and sent
out 2,890 letters. The hearing loss of 66 children was
confirmed[55].Thispointsoutthatasuccessfultracking
with pleasantly low lost-to-follow-up-rates (7.8%) involves
high administrative efforts and is very time consuming.
9 Projected UNHS process in North
Rhine Westphalia
On the basis of the process of the hearing screening for
newborns in North Rhine Westphalia (NRW) and of the
positionpaperoftheDGPPregardingthe“Fundamentals
of the quality assurance of a universal newborn hearing
screening”publishedin2007[109],[110],theapproach
to the process of a hearing screening for newborns in a
maternity and follow-up institution shall be depicted in
the following (see Figure 1):
In the maternity hospital, the obligatory briefing of the
expectant parents – orally as well as in writing – takes
place. This is important since the support of the parents
–especiallyinthecaseofconspicuousscreeningresults
– is crucial and increases the chance for a successful
follow-up.Studiesshowthathearingscreeningsmaywell
arouse fears on the part of the parents and that good in-
formation helps them to enhance their compliance and
consequently reduce the lost-to-follow-up-rate [111],
[112], [113]. Overall, the hearing screening of newborns
is well supported by the parents [12]. Additionally, in
HesseandNRW,eachchildisassignedamultifunctional
screeningID.ThisIDneedstoberegisteredcentrallyonce
(fortheABCD-initiative,thisisdonethroughtheScreening
Hub North Rhine). The advantage of a screening ID com-
pared to individual data entries is that it enables the
automaticcaptureofpersonaldataandavoidserroneous
or multiple data entries. Moreover, screening IDs can for
example be co-used for other forms of screening, e.g. for
metabolicscreening.Aftertheparentsgive theirconsent
to thescreeningandthetestingmethods,theresultsare
documented in a yellow examination booklet and then,
togetherwiththescreeningID,encryptedandtransferred
to the screening hub.
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screening should take place prior to the discharge from
the maternity hospital – shortly before prematurely born
babies are discharged – yet, if possible, prior to the ex-
pected date of delivery [70].
If the screening result is conspicuous, the second step
ofthescreeningistobeundergone.Therepeatedhearing
testingshouldpreferablybeconductedwithinfourweeks
by a resident phoniatrician/pediatric audiologist, or, re-
spectively, by an ENT specialist or pediatrician who has
a qualification in pediatric audiology (second screening).
Children born by ambulant delivery, in birth houses or by
home birth should also have their first hearing screening
here.Thesameappliestocaseswhereatthefirsttesting,
only one ear could be tested.
The quality of the screeningdevices is guaranteed by the
manufacturer, whereas the operator is responsible for
theregularmaintenanceandcalibrationoftheequipment
[110].
Apediatricaudiologicalconfirmatorydiagnosticinvestiga-
tion (follow-up steps 1 and 2) is necessary in case the
second step of the screening produced conspicuous
results again.
If a child’s test results are conspicuous, the follow-up
examination takes place during the stay in the hospital
(secondscreening).Iftheresultiscontinuouslyconspicu-
ous,thefirststepofthetwo-stepfollow-upbegins.Instep
1 of the follow-up, the screening is firstly repeated in a
special screening consultation with TEOAE- and AABR
methods. Additionally, the findings for the ear are being
collectedbinocularmicroscopically.Ifneedbe,additional
examination methods such as tympanometry and free
field measurement at the “Mainzer Kindertisch” will be
applied.
In step 2 of the follow-up, a further pediatric audiological
diagnostic investigation is carried out in a specialized
pediatricaudiologicalcenter.Here,confirmatorydiagnos-
tics,executedbyBERAexaminations,helptoconclusively
determine whether a hearing disorder is present that re-
quires the supply of a hearing aid or not (see above).
These diagnostics should be concluded within the first
threemonthsofachild’slife,thesubsequentadaptation
of the hearing aid within the first six months of a child’s
life [70], [71], [110].
The screening that already takes place in the maternity
hospital is performed by employees who have previously
been taught successfully in a special training session of
several hours. These training sessions are run by staff
from the pediatric audiological centers (second step of
thefollow-up)orthescreeninghub.Itisonlythespecially
trained employees of the maternity hospitals who are
authorized to perform the screening examinations of
steps 1 and 2.
The screening for newborns in NRW maintains a transre-
gional cooperation with the screening hub in Hesse. The
data storage of the conspicuous testing or unscreened
newborns (tracking by name) is located in Giessen. This
centraltrackingofficereceivesthetestedchildren’sdata
of the associated screening institutions via an encrypted
phone line on a daily basis (see Figure 3). To avoid
measurement errors and incorrect entries, the data
transfer of the personal data and data concerning the
measurement or its quality is made directly from the
measuring device (see Figure 4). Therefore, only those
measurement devices are suitable that dispose of an in-
put field as well as a modem for the transmission by
telephone. Other measurement devices do not comply
with the quality requirements of the screening for new-
borns in the ABCD-M initiative (Aachen, Bonn, Cologne,
Dusseldorf and Munster). The data transmission of the
follow-up institutions is managed via a browser-based
VPN connection for which an internet server (follow-up
server) was installed. It stores the incoming data in a
central database. The data can only be accessed with
the screening ID. Abuse of the data is thereby exacer-
bated to a maximum level. The tracking is supposed to
prevent the loss of conspicuous children. Parents who
do not comply with the screening will be contacted re-
peatedly by phone and also in written form and advised
of the necessity of further diagnostics (see above) [55].
The previous education of the parents about the import-
ance of the hearing screening for newborns aims at
boosting their interest. Thereby, the lost-to-follow-up-rate
canbedrasticallyreduced.Asmentionedabove,thisrate
isbelow8%intheHessiannewbornscreening–American
institutions, however, reach levels of considerably higher
than 50% [54], [55].
Thecentraltrackingofficeadministersadditionalcontrols
for completeness and quality controls for screening and
follow-up. For instance, it examines the testing quality of
individual screeners, since the number of “refer”-trials
aswellasthenumberoftestabruptionspriortosuccess-
ful “pass”-criterion for a child can be retrieved and
checked. Moreover, the central responsibilities of the
tracking office comprise the continuous mentoring and
training of the screening personnel (see below), the
counseling in case of technical difficulties, the coordin-
ationofthechoiceofmeasurementdevicesandmethods
as well as the monitoring of the process of confirmatory
diagnostics in the follow-up institutions [109].
Apart from that, in the future, the screening offices will
be responsible for the collection and archiving of data
concerning the UNHS. It is planned that via the tracking
office, participant and recall rates, rates of the children
whohavereceivedfollow-up,lost-to-follow-up-rates,rates
of the children diagnosed with hearing loss, form, side
andextentofthehearingloss,numberofchildreninneed
of therapy and number of children who actually received
therapy, date of diagnosis and therapy, and the rate of
findings that have normalized over a period of several
weeks and months will be collected and documented.
Additionally, the regional screening headquarters shall
be responsiblefor the collectionof cumulative data such
as the rate of hearing losses detected at a later point in
time and the rate of the children born alive. The rate of
conspicuous and inconspicuous findings, respectively,
the overall coverage rate, the rate of false positive and
false negative findings as well as the quality criterions of
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the screening can, in turn, be generated from this data.
Cost-benefit analyses and the assessment of the effi-
ciency of the UNHS could be retrieved from this data
[110].
The funding of the described screening project in NRW
(ABCD-M initiative) [109] is only secured for a period of
two years. It is the objective to, in this time, with only two
additional established posts and the honorary commit-
ment of especially the senior employees of the pediatric
audiological centers of the five university hospitals in
NRW, establish a sound foundation for a comprehensive
screening in Germany’s most populous federal state.
10 Closing words
Yet, only with political support will it be possible to estab-
lishatrulynation-wideandlong-lastingUNHSinGermany.
Hope remains that the personal commitment of many
pediatric audiologists and ENT specialists has made it
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Schade: Early detection of hearing losspossible that, by optimizing the tracking for UNHS, Ger-
many will again be a pioneer in the successful hearing
testing of newborns and infants.
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